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MODIFICATION OF SPACECRAFT POTENTIALS BY PLASMA EMISSION

Richard Christopher Olsen*
The University of Alabama in Huntsville, Huntsville, Ala.

The ion engine operations on Applied Technology Satellite 6 (ATS-6) altered the charge state of the spacecraft,
changing the spacecraft surface potentials with respect to the distant plasmas. Plasma emission in quiet environments
(plasma temperatures below a keV) caused the spacecraft potential to shift from a few volts positive to a few volts
negative. A net ion current is emitted in such cases. The emission of a plasma or beam in energetic environments
(plasma temperatures in the 5-10-keV range) in sunlight caused larger changes. Typical equilibrium potentials for
ATS-6 in such environments were on the order of a hundred volts negative, with variations in potential across the
spacecraft surface of comparable magnitude. Engine operations under such conditions raised the mainframe potential
to near zero volts, and discharged the differential potentials on the dielectric surfaces. Plasma emission by the plasma
bridge was an effective method of discharging kilovolt potentials in eclipse.

Introduction

Applied Technology Satellite 6 carried twin cesium thrusters de-
signed to test ion engine technology and to test their usefulness for
station-keeping on the three-axis-stabilized satellite. They performed
successfully, demonstrating thrust, an absence of interference with
spacecraft systems, and beneficial effects on spacecraft potentials. In
addition, the plasma bridge neutralizers were successfully operated in
special operations in 1976 and 1977 to observe the changes in
spacecraft potentials caused by plasma emission.

The operations of the ion engine have been studied with an
emphasis on the effects of plasma emission on the spacecraft
mainframe potential and surface potentials. This analysis was
motivated by a desire to determine the usefulness of plasma emission
as a means of controlling spacecraft charging. ATS-6 provided a
large data set on the charging of spacecraft in sunlight and eclipse,
and these experiments in potential modification rest on a large
background of charging studies.

The main motivation for this study is a desire to understand the
effect of beam and plasma emission on the electrostatic configuration
of the spacecraft. This is important not only for thruster design, but
also the important problem of controlling spacecraft charging at
geosynchronous altitude.

Non-zero spacecraft potentials have been noted since the
beginning of satellite flights. Large negative potentials (100's to
1000's of volts) were first observed on ATS-5 in eclipse).' These
were explained as the natural result of a balance of the ambient
electron and ion currents with associated secondary electron currents.
In sunlight, photoemission normally provides a large enough current
to preclude negative spacecraft potentials. It was therefore difficult to
explain the negative potentials found in sunlight, first onATS-5, and
then on ATS-6.> This problem gained importance when it became
clear that there was an association between the charging of spacecraft
and anomalies in spacecraft behavior.4 Further study of the daylight
charging phenomena on ATS-6 showed the existence of an
electrostatic barrier around the science package, and it was postulated
that the differential charging of insulators might be the cause.’ It was
eventually shown that the large dish antenna, Fig. 1, was responsible
for the barrier around the instrument package.® The charging process
has been modeled by a three-dimensional computer code capable of
calculating the electric field distribution around an object, and the
resulting currents to that object. This code was applied to a xenon
sphere model in a magnetospheric environment, and it was
Figure 2. ATS-6 ion engine.
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discovered that as the shadowed surfaces charged negatively, the
resulting field distribution was such as to limit photoemission from
the illuminated side. Once an electrostatic barrier was established, the
object as a whole charged negatively, maintaining the differential
potential.”

Relatively few reports on plasma emission in space have been
published. The Space Electric Rocket Test 2 (SERT-2) flight at 1000
km showed the ion beam was effectively charge and current
neutralized by the plasma bridge neutralizers, but the data set taken
there is not directly applicable to the problem of charging at higher
altitudes. The results of the early ATS-6 engine operations have been
published, along with a preliminary look at the effects of particle
emission on the spacecraft potentials.”'® It was found that plasma
emission could control the negative potentials ordinarily found in
sunlight, though the physics of the charging process on the satellite
was still not understood well enough to permit an explanation of the
emission effects.

In the sections which follow, the ion engine and particle detectors
are described, then the results of engine operations in quiet and
energetic environments. The first examples are for operations in
sunlight, with a concluding example of the effect of plasma emission
on a negatively charged satellite in eclipse.

Spacecraft Description
ATS-6 was launched on May 30, 1974 into geosynchronous orbit
with a full payload of scientific and engineering experiments,
particularly communications experiments.

ATS-6: Detectors and lon Engines

Figure 1. ATS-6 spacecraft, ion engines and detectors.
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The spacecraft is illustrated in Fig. 1, with the Environmental
Measurements Experiment (EME) package shown at the top, the
large dish antenna and solar arrays extending outward, and the
Earth Viewing Module (EVM) at the focus of the antenna. The
ion engine experiment was located on the EVM, with complete
assemblies on the north and south faces of the EVM. The plasma
detector was located on an outer corner of the EME package,
and thus physically separated from the ion engine by 10 meters,
and by the dish antenna. The mesh antenna is transparent to
charged particles, however, and is a barrier to ion motion only
when positively charged. It is constructed from a dacron mesh
which was copper flashed, and then coated with a silicon
lubricant to aid in thermal control and deployment. It is
therefore an insulator, and capable of charging with respect to
the mainframe.

Ion Engine Description

The thruster design is illustrated in Fig. 2. The discharge
chamber utilized the magnetoelectrostatic (MESC) concept, in
which the magnetic and electric fields in the chamber constrain
the plasma. Two parallel grids are used to extract the plasma,
with the outer accelerator grid at -550 V, and the inner screen
grid at +550 V. The 8-cm. diameter thruster produced 4.5 mN
thrugst, with 0.1 A of cesium ions at a final kinetic energy of 550
eV.

The plasma bridge neutralizer is necessary to provide charge
and current balance for the main beam, and is an excellent
plasma source by itself. The neutralizer emission modes have a
large effect on the spacecraft potentials. The cathode is located
5.0 cm. downstream from the accelerator electrode, and points
60 degrees downstream. The hollow cathode is provided with an
auxiliary electrode, or probe, slightly above the cathode. In
operation, cesium is fed through the cathode, and an arc is struck
between the probe and cathode. The probe is initially held at
+150 V with respect to the neutralizer, then drops in potential as
current begins to flow.

The emission characteristics of the neutralizer vary with
cathode temperature and cesium flow rate. At low cathode
temperatures (typically in startup), operation is in a low
emission current, high extraction voltage mode named plume
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mode, for the appearance of the discharge. Once the cathode
heats up, the cesium flot rate increases and the plasma bridge
enters spot mode. Spot mode is characterized by high emission
currents at low extraction voltages. The neutralizer can provide
substantial electron current in either mode, but does not be-come
an efficient ion source until spot mode.

Detector Description

The plasma detector was designed to measure the ambient
particle population from 1 eV to 80 keV in energy, as a function
of energy, time, and angle. Two detector heads rotated in
orthogonal planes, and each head contained paired ion and
electron detectors. An additional ion detector was fixed to the
EVN frame. One scan in energy requires 16 seconds, one
rotational sweep requires 2)2 minutes. Detector angles are
defined such that 90 degrees corresponds to looking radially
away from the spacecraft, or straight "up".11

Ion Engine #2, Thruster Operation

The first ion engine operation was on July 18, 1974. This
data set shows the effects of plasma emission on a spacecraft
that is initially positively charged. The data taken on this day are
unique for a number of reasons besides the ion engine operation.
The satellite is in the earth's midnight region, normally an
environment of hot (keV) plasmas. The environment was
unusually quiet on this day, with the magnetic activity index,
2K, = 12+, and no injections of hot plasmas (i.e. substorms)
during the day. The previous day was also quiet, with XK, =
16+, and the 3 hour K, at the time of operation was 2. Because
the magnetosphere was quiet for an extended time period, the
environment was an unusually cool, dense plasma. The detectors
were in a good mode for this study, with excellent low energy
coverage.

Six hours of data are shown from the north-south detector in
Fig. 3. The spectrogram format used here is a gray scale
presentation of the particle fluxes observed as a function of time.
The intensity plotted is proportional to the flux, with higher
fluxes plotted as lighter grays.
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Figure 3. Spectrogram, July 18, 1974.
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Figure 4. Electron distribution functions, July 18, 1974.

The horizontal axis is universal time in hours and minutes,
the vertical axes are the particle energies (per unit charge). Both
energy scales have their zeroes in the middle of the plot. A
strong pitch angle dependence in the ion population is found in
the north-south detector data before the operation begins. Data
from the east-west head show a thermal ion population
perpendicular to the magnetic field which becomes more
apparent when the engine is operated. During the operations, the
bright band of low energy electrons (0-40 eV) darkens
considerably signaling a shift in the spacecraft potential. This
can be seen during the neutralizer operation from 03:10 to
03:15, and during the main thruster operations from 03:32 to
04:03 and 04:08 to 04:35. The intensification of ion fluxes at
these times is also due to the potential shift.
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Figure 5. Ion distribution functions, July 18, 1974.

The distribution functions from before and during the
operation provide some details of the ion engine effects. Figures
4 and 5 show the electron and ion distribution functions for
03:24 (engine off) and 03:32 (engine on) from the east-west
detector. The electron data at 03:24 show a break at 5 eV,
suggesting a boundary between spacecraft generated electrons
(photoelectrons) and the ambient population, and thus a +5 V
potential. The electrons below the break are characterized by a
temperature of 2.45 eV and a density of 27.8 cm™, as determined
by a least square fit of the 2.0 to 5.0 ¢V data. The ambient
population has a temperature of 5 eV at low energies, and a
density of 2 to 3 ecm™, depending on the spacecraft potential
assumed in the calculation.



SEPT.-OCT. 1981

1ON ENGINE OPERATION 199/74 (LE. NO. 2}
20 1 +

-

COMMANDED OFF

Vp [Volts)
=)

15 ——-——‘ e FLAME OUT. ‘
\ |
1 i
t i
{
i-

Y awcen orF Lo, /77

N O

src (alts)

N3
e

4 TN NSNS

e

300 20 40 400 20 40
UT (hr:min)

Figure 6. Ion engine operation, July 18, 1974.

ATS-6 NEUTRALIZER OPERATION
JULY 21, 1974

T T T T

SPACECRAFT
POTENTIAL (V)
SO \

ob |
PLUME
e 15 —
N o= -
Sy, or SPOT/PLUMEK. J 1
EEE o > spoT !
%3 MODE ™| SPOT MODE 1
= = 0 | ! L . ! L
310 300 340

3:20
UT (HR:MIN)

80006026

Figure 7. Plasma bridge operation, July 21, 1974.

The 03:32 ion data show a sharp drop at 3 eV, giving a 4-V
potential when the engine is on. A shift of 8 or 9 eV in the
particle spectra in the appropriate directions bring them into
agreement, showing that there has been an 8 or 9 V shift in the
spacecraft potential. The absolute measurements and shift
measurement give a comforting agreement.

The data were examined in this fashion throughout the
operation period, and the resulting potentials are shown in Fig.
6. The neutralizer probe voltage is at the top of the plot. This
measurement gives the status of the small plasma bridge,
particularly denoting the beginning of spot mode operation. The
beam current gives the status of the main thruster. The potential
measurements at the bottom are subject to £1 V uncertainties,
with error bars left off to avoid clutter. Small fluctuations in
potential are probably real.

The neutralizer operation resulted in a -1 V potential, while the full
beam set the spacecraft to -4 V. The shift to negative potentials implies a
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distinct change in the spacecraft current balance. More photoelectrons
and secondary electrons will now escape, increasing the (inwards)
positive current to the spacecraft. The change in potential reduces the
ambient electron flux and increases the ambient ion flux, again
increasing the positive current to the spacecraft. These changes are
balanced by a net ion current leaving the space-craft through the beam.
The small change in potential will primarily affect the thermal fluxes.
The thermal electron flux has a 5 eV temperature and a density of 2 cm’
3, while the ion population is mostly a 1 eV, 2 cm™ hydrogen plasma.
The secondary electron fluxes in this environment are a small percentage
of the current balance. The photoelectron flux has a maximum value of 1
x 10'/cm? s. This is reduced by a factor of 100 by the + 5 V potential
when the neutralizer is off.'* The thermal fluxes for zero potential are
about 1 x 10® for the electrons, and 8 x 10° for the ions. The balance of
currents gives a net ion flux from the neutralizer that basically equals the
integrated photoelectron flux, about 1.6 milliamps assuming 100 m?
surface area (an extreme upper bound). The ion engine telemetry gives
an upper bound of 3 to 5 mA on the net current emitted.

No signs of cesium ions being returned to the spacecraft were
found.

Ion Engine #2, Neutralizer Operations

The ion engines flooded at the ends of their initial tests, causing
them to fail. The failure mode of the ion thrusters was not understood
until long after the July operation of engine #2. Because of this, the
restart attempts of the engine, with and without the neutralizer,
continued until the power supply was so badly shorted out that it could
not supply the necessary heater current to send the plasma bridge into
spot mode. During the latter stages of the restart attempts, the transitions
to spot mode came slowly, providing opportunities to study the time
dependence of these transitions.

July 21, 1974

Operations on July 21 were again in a "quiet" environment, and the
neutralizer did not cause major changes in the spacecraft potential. The
spacecraft was positively charged when the neutralizer was off, and was
consistently pushed towards zero by the neutralizer.

This data set provides the best look at the relationship between
spacecraft potential and the neutralizer status. The spacecraft potential
must be inferred entirely from the electron data at this time, because of
the relatively large positive potential and an absence of visible ions.
Breaks in the distribution functions imply the equilibrium spacecraft
potential is +14 V when the neutralizer is off, and +8 V in spot mode.
(Note that the neutralizer does not fully reach spot mode, compare July
11.) Using the break in distribution functions and their shifts relative to
each other, the potential was obtained as a function of time. Plotted in
Fig. 7 along with the probe voltage, the strong dependence of the
spacecraft potential on the neutralizer mode is apparent.

The spacecraft is driven toward zero by the neutralizer at 03:00 and
03:30 by the two operations. Although the probe voltage telemetry does
not come on scale for much of this period, it appears that the neutralizer
was on the edge of spot mode during the periods the spacecraft is
partially discharged. This is the case from 02:55 to 03:05 and from 03:22
to 03:32. When the probe voltage drops to 5 or 10 V, and the neutralizer
ion current increases, a further drop in the spacecraft potential occurs, as
seen at 03:30. The neutralizer mode affects its ability to produce ions,
and the ion current produced by the neutralizer determines the spacecraft
potential.
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Ion Engine #1, Thruster Operation
October 19, 1974, Neutralizer and Thruster Ignition

The second successful ion engine operation began on October 19,
1974, and ran for 92 hours. The environmental conditions at this time
were considerably different from those found in the first test. The
operation began in the midst of a substorm, 2 hours after local
midnight. This is a disturbed environment with negative spacecraft
potentials and differential charging effects visible before the operation
begins. Data are only available from the north-south detector head.

Four hours of data from the engine ignition period are shown in
Fig. 8. Both energy scales increase upwards on this spectrogram. The
periodic structure in the particle data reflects the rotation of the
detector head, the angular dependence of local charging effects, and
the pitch angle variations in the ambient population. An injection event
at 07:05 caused the spacecraft to charge to between -40 and -50 V, and
caused an increase in the height of the differential charging barrier to
about 100 V by 07:15. The potential can be seen to rise to near zero at
07:40-43, when a series of short vertical lines appear in the low energy
(0-20 eV) ion data. At this time also, the differential charging barrier
height drops, disappearing completely at 08:05.

The spacecraft potential and differential charging barrier height are
given in Figs. 9 and 10. The spacecraft potential was measured by
finding the lowest energy ion channel with measurable counts, and
taking that as the spacecraft potential. This can lead to potential
measurements which are too negative if there are too few ambient low
energy ions to measure. Data points were taken with the detector at 90
degrees (straight up, away from the spacecraft) to minimize the effects
of local. fields. The measurement assumes that the observed ions are
not generated on the spacecraft, which proved to be a good assumption
at this angle. The barrier height was measured by examining the
electron distribution function, and finding the break, or drop, where the
transition from spacecraft generated to ambient particles occurs. These
measurements were also made at 90 deg. Both measurements are
subject to about + - 10% error due to the width of the energy channels.
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Figure 8. Spectrogram, October 19, 1974.
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Figure 9. Mainframe potential, October 19, 1974.

The plasma bridge enters spot mode at 07:41 and the
spacecraft potential rises to about - 3 V. (The detector was at 170
deg at this time, so two data points at that position are included in
the plot.) The differential charging barrier falls to about 20 V from
100 V about two min later. The engine ignition at 08:00 causes a
slight drop in potential, and then the disappearance of the
differential charging barrier. The time dependence of the observed
effects helps explain the physical phenomena that are occurring.

The other major piece of information in the particle data is the
direction of the thermal ion fluxes. There is a peculiar effect to be
noted in the angular distribution of the intense fluxes of low energy
(0-20 eV) ions seen after the neutralizer ignites.

These ions are neither isotropic nor field aligned, the usual angular
distributions seen in this energy range at local midnight” Close
examination of the data at 08:26 and 08:28 on the spectrogram reveals
field-aligned ions down to a few eV. These are not nearly as intense as
the fluxes at other angles.
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Figure 11. Ion angular distribution, October 19, 1974.

Furthermore, the incident angle of the intense fluxes changes with
time, while the environment is almost constant. Figure 11 gives the
incident angle of the intense fluxes as a function of time. The intense
fluxes initially appear at 83 deg spacecraft angle at 07:44, several
minutes after the neutralizer enters spot mode. The incident angle
drops steadily until 08:10, when the thruster ignites, and stabilizes near
0 deg spacecraft angle thereafter. These fluxes must be cesium from
the engine.

The change in the incident angle of the intense fluxes reflects the
changes in the local electric fields as the ion fluxes from the engine
discharge the negative dielectrics on the top of the EVM, the antenna,
and the solar arrays. In equilibrium, the incident direction stabilizes at
one end of the detector rotational pattern, with particles entering
tangentially along the antenna and solar array strut.

The variations in spacecraft potential with time, and the
identification of low energy ion fluxes from the engine provide the
information necessary to describe the sequence of changes in the
electrostatic configuration of the spacecraft. Initially, the sunlit space-
craft has a number of dielectric surfaces around the conducting space-
craft components which are negatively charged with respect to the
spacecraft. This condition has been shown to be the normal response of
the spacecraft to an energetic particle environment. The large dish
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antenna has been shown to be largely responsible for the barrier around
the EME module.’

The insulators on the EVM (primarily the kapton surface of the
thermal blanket) serve a similar purpose there. These barriers are
essential for the development of negative potentials in this
environment. Emission of electrons only (at energies below the barrier
height) will not discharge the satellite. For the spacecraft to be
discharged, the differentially charged insulators must be brought closer
to the mainframe potential. Once the barrier has been removed, an
electron current from the neutralizer can escape, and discharge the
mainframe. Laboratory tests on hollow cathode devices show that the
ion current extracted from a cathode depends on the extraction voltage,
and suggest that for fields of tens of volts, currents of tens of -
microamps can be extracted.'*

The likely sequence of events is:

1) Negatively charged spacecraft has insulating surfaces which are
negatively charged with respect to the main frame.

2) The neutralizer ignition into plume mode has no measurable effect
on the spacecraft, because the thermal electrons cannot push
through the barrier around the EVM.

3) Spot mode operation of the neutralizer provides an ion source
capable of discharging the EVM Insulating surfaces which were
limiting the emission of photoelectrons and secondary electrons
from the conducting surfaces of the EVM. This alone probably
would be sufficient to discharge the satellite.

4) The neutralizer provides an electron current as necessary to raise
the spacecraft potential to -1 to -3 volts.

5) Ion fluxes from the neutralizer partially discharge the antenna, but
do not complete the process. The extraction field is apparently not
high enough to draw sufficient current.

6) The engine ignites, causing a shift in the operating mode of the
neutralizer and providing a large flux of charge exchange ions.
These ions complete the discharge of the dielectrics, leaving only
sufficient potentials to maintain the ion flux to the dielectric
surfaces.

October 19 to 23, 1974 - Engine Steady State

The engine ignition process discussed in the previous section was
followed by 92 hours of uneventful (from an engineering viewpoint)
operation. After examination of the ignition sequence, this long
operation provides a different sort of information, namely the
equilibrium behavior of this charging system.

The rotating detector head stuck early in the operation, and was
pointed in the direction of the large ion flux. This did not hinder the
measurements however, and the data taken during this time show
several interesting effects. Figure 12 is a 4 and ', day spectrogram
covering this time period. The bright band of ions can be seen to
extend across most of the spectrogram. Indentions in the middle of the
spectrogram at 18:00 of each day are an instrumental effect, and reflect
an absence of low energy particle information at these times. The
transition of the white band of ions to black seen at 0 to 4 UT on day
293 and 294 is an example of the cycling of the gray scale. The
spacecraft was held at about -4 V throughout this time period, in spite
of the great variety of environments the spacecraft passes through,
including four large substorms. Remarkably, the night side data is free
of differential charging throughout this time period. Close study shows
that any differential charging effects generated no barrier above the 1
V level. This implies that fluxes of thermal ions were moving from the
ion engine to the shadowed insulating surfaces which ordinarily charge
negatively and cause a barrier to electrons. The operation of the
thruster maintained the spacecraft near zero volts potential, eliminated
the problem of differential charging, and as a result greatly improved
the particle data.
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Figure 12. Spectrogram, October 19 to 23, 1974.

Neutralizer Operations In Eclipse

As part of the program to study the effects of the ion engine on
spacecraft potential and to study means of modifying potentials, the
ion engine neutralizers were operated during periods of spacecraft
eclipses. ATS-6 was normally at a positive potential in sunlight in
quiet environments. If the positive spacecraft then entered eclipse,
the particle data usually showed a small shift in the negative
direction as the photoelectric current was cut off. The equilibrium
potential in such eclipses was generally between +1 V and -3 V. In
energetic environments, the sunlit satellite was generally 10's of
volts negative to as much as a kilovolt negative. Under such
conditions, an eclipsed satellite normally charged to several
kilovolts negative.

Analysis of the neutralizer operations associated with the full
thruster tests suggest that the neutralizer should do as thorough a job
of controlling the spacecraft potential in eclipse as it did in sunlight.

When operated at quiet times in eclipse (no large negative
potentials) a small ion current from the neutralizer caused a shift of
a few volts in the negative direction. In more active environments,
larger charges were seen.

April 7, 1977

Two operations in April 1977 showed that if the spacecraft was
charged several kilovolts negative, the neutralizer would discharge
the satellite. Figure 13 shows the results from April 7, 1977. The
solar array current reflects the illumination of the spacecraft, the
neutralizer probe voltage shows its status, and the potential at the
bottom comes from ion data. The spacecraft charges to -3 kV in

24 127 2
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eclipse from 09:05 to 09:15, and the potential rises to near zero at
09:15 when the neutralizer ignites. The neutralizer is an excellent
electron source even in plume mode, and the absence of differential
charging in this case means that ions are not needed in such
abundance. The spacecraft remains near zero potential until the
neutralizer is switched off at 09:33. At this time, the spacecraft
potential falls to -1.5 kV for the few minutes remaining in eclipse.
Neutralizer operation has provided the necessary electron current to
discharge the satellite, and maintain it at low potentials. This is in
contrast to the observed results of filament emission of electrons on
ATS-5. Experiments on ATS-5 showed that the ability of the
filament emitter to discharge the satellite was extremely limited, and
that it could not hold the spacecraft at low potentials. Analysis
showed this was due to differential charging of the spacecraft
insulators, and a barrier to electron emission. The difference is the
presence of ions in the plasma which can discharge the dielectrics
and hold them near the mainframe potential. '*'>
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Figure 13. Plasma bridge operation, April 7, 1977.
Summary

Operation of the ion engines and plasma bridge neutralizers
had major effects on the spacecraft potential with respect to the
ambient plasma, and on the differential potentials on the
spacecraft surfaces. The neutralizer or the engine could
discharge large negative potentials at all times. Differential
charging was reduced by the neutralizer when operated in spot
mode (i.e., as an ion source), and eliminated by operation of the
ion engine.

The operation of the neutralizer or the main thruster in a
quiet environment resulted in the production of a net ion current
by the engine, sufficient to drive the spacecraft slightly negative.
Moving into eclipse changed the amount of ion current being
supplied by the neutralizer.

When the neutralizer was used in daylight cases of negative
charging, i.e. in active environments, the neutralizer caused the
spacecraft to rise to a few volts negative potential, and the
reduction of differential charging on the insulating surfaces of
the spacecraft. Operation of the thruster in active environments
held the spacecraft at -4 to -5 V potential, and eliminated the
problem of differential charging. Fluxes of ions were seen from
the engine and neutralizer when the spacecraft was in active
environments.

The ion engine operations analyzed here show that plasma
emission can be used to control spacecraft charging, and does
not generate differential potentials as electron emission does. A
plasma source designed to control charging on a
geosynchronous satellite needs to provide a sufficient current of
thermal ions to hold shadowed dielectrics near the mainframe
potential, and a sufficient current of electrons to hold the
mainframe near zero volts in eclipse. Plasma bridge design has
not generally concentrated on optimization as an ion source, but
it appears that even the standard design used for ATS-6 or SERT
2 is adequate.14'16'17 In the ATS-6 data set, it appears that a
milliamp is adequate to control the spacecraft potential. The bias
of the plasma source will determine the potential of the
spacecraft within certain limits. If the source is driven negative
with respect to the spacecraft, in an attempt to drive the
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spacecraft positive, the electron current drawn from the source
to the spacecraft grows excessive. Biasing the source a few volts
positive with respect to the spacecraft, as in the case of ATS-6,
seems to be optimum for maintaining an ion current out towards
the dielectric surfaces. Development of plasma sources for
potential control needs to be concentrated in the area of
optimizing the plasma bridge, or a similar device, as an ion
source with constraints of fuel and power usage. This work
indicates a relatively small ion contamination flux arriving on
the spacecraft, but worries about contamination are probably
best addressed by using a noble gas (xenon or argon) as a fuel.
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